Purpose The purpose of this study is to investigate the factors associated with reactivation of the lesion during the first year in patients with polypoidal choroidal vasculopathy (PCV) treated with intravitreal ranibizumab. Patients and methods This retrospective observational study included 84 eyes diagnosed with PCV and treated with 3-monthly ranibizumab injections. Only those patients who exhibited complete resolution of fluid after initial treatment and were followed up at least 12 months were included. The baseline characteristics of the patients, including their age and sex, location of the polyps, greatest linear dimensions of the lesions, largest polyp diameter, choroidal vascular hyperpermeability, submacular hemorrhages ≥ 1 disc area in size, presence of grape-like polyp clusters, central foveal thickness, and best-corrected visual acuity were compared between patients with and without reactivation of the lesion. Results During the 12-month follow-up period, reactivation of the lesion was observed in 60 patients (71.4%). The first reactivation was noted at a mean duration of 3.9 ± 1.7 months after the third ranibizumab injection. Cox regression analysis revealed that the absence of submacular hemorrhages ≥ 1 disc area (P = 0.009), presence of grapelike polyp clusters (P = 0.002), and greatest linear dimension of the lesions (P = 0.019) were associated with reactivation of the lesion. Conclusion The absence of submacular hemorrhages, presence of grape-like polyp clusters, and large lesion size at diagnosis were associated with a high risk of reactivation of PCV in patients treated with intravitreal ranibizumab. Patients exhibiting these characteristics may require close monitoring.
Introduction
Polypoidal choroidal vasculopathy (PCV) is a peculiar type of choroidal neovascularization (CNV) characterized by the presence of polypoidal vascular lesions and a branching vascular network. 1, 2 Although it has been debated whether PCV is a subtype of neovascular, age-related macular degeneration (AMD), 3 anti-vascular endothelial growth factor (VEGF) therapy, which had been developed to treat neovascular AMD, 4, 5 has also been used as one of the effective treatment methods for PCV. [6] [7] [8] The as-needed regimens 9 and treat-andextend regimens 10 are widely used strategies for the treatment of the neovascular AMD. In an asneeded regimen, once a dry macula is noted after the initial injections, the additional treatment is performed only in the cases of reactivation. 9 In a treat-and-extend regimen, additional injections are administered at each of the follow-up visits, whose intervals are regulated based on the results of the optical coherence tomography (OCT) and clinical examinations. 10 It is important, for several reasons, to investigate the factors associated with PCV reactivation. When using an as-needed regimen, patients with high-risk characteristics require frequent follow-up. Furthermore, establishing risk factors for reactivation may help to determine which patients require proactive rather than as-needed regimens. That is, patients at high-risk of reactivation may be good candidates for proactive treatment, such as the treat-andextend regimens. In previous studies, largest polyp diameter, 11 old age, 12 and male sex 12 were found to be associated with a high-risk of reactivation. However, grape-like polyp clusters 13 and submacular hemorrhage have not yet been considered as potential predictive factors of reactivation, even though they are not rare findings.
The purpose of the present study was to investigate the factors associated with reactivation of the lesion in patients with PCV treated with intravitreal ranibizumab. In particular, the abilities of grape-like polyp clusters and submacular hemorrhages to predict reactivation were analyzed.
Materials and methods
This retrospective, observational, case series study was performed at a single study center. The study was approved by the Institutional Review Board of the Kim's Eye Hospital and was conducted in accordance with the tenets of the Declaration of Helsinki.
Patients
The present study included the patients who were diagnosed with treatment-naive PCV between January 2013 and October 2013 at our institution, and were initially treated with three monthly ranibizumab injections. The inclusion criteria included the following: (1) complete resolution of intraretinal/subretinal fluid a month after the third ranibizumab injection; (2) a postdiagnosis follow-up period of 12 months or longer; and (3) treatment by ranibizumab monotherapy during the 12-month follow-up period. The exclusion criteria included the following: (1) severe media opacity; (2) myopia of ≥ − 6.0 D and an axial length of ≥ 26.0 mm; (3) centerinvolving geographic atrophy or a disciform scar; (4) concomitant retinal vascular disorders (eg, macroaneurysms, proliferative diabetic retinopathy, and central retinal vascular occlusion); and (5) intraocular surgery during the follow-up period. When both eyes of a patient met the eligibility criteria, the eye that developed the symptoms first was included in the study.
Examination and treatment
A comprehensive ophthalmological examination, including the measurement of the best-corrected visual acuity (BCVA) and a 90 D-lens slit lamp biomicroscopy evaluation, was performed on all the patients. The photographs of the fundus, fluorescein angiography images, and indocyanine green angiography (ICGA) images were captured by combined confocal scanning laser ophthalmoscopy and spectral domain OCT (Spectralis HRA+OCT; Heidelberg Engineering GmbH, Heidelberg, Germany). The OCT scans were also performed using the Spectralis HRA+OCT device, which provides 40 000 A scans per second with 7 μm optical and 3.5 μm digital axial resolution. Horizontal and vertical OCT crosshair scans centered at the center of the fovea covering 30°were conducted. To improve visualization, 70-100 scans were averaged for each section.
The diagnosis of PCV was based on the presence of polypoidal lesions with or without branching vascular networks in the ICGA images. Choroidal vascular hyperpermeability was defined as the presence of the multifocal hyperfluorescent areas in late-phase ICGA images. 14, 15 The presence of intraretinal or subretinal fluid was identified based-on OCT images. Two independent examiners (JHK and YSC) reviewed the ICGA and OCT results. Any disagreement was settled by a discussion between the two examiners. The central foveal thickness was defined as the distance between the internal limiting membrane and the Bruch's membrane at the fovea and was manually measured using the calipers provided by Heidelberg Eye Explorer program (ver. 1.8.6.0, Heidelberg Engineering GmbH). The greatest linear dimensions of the PCV lesions, including the whole of the polypoidal lesions and the branching vascular networks, was also measured on the ICGA images using the built-in calipers of the ICGA software program. The size of the lesion, including hemorrhage, leakage from neovascularization, and staining of the retinal pigment epithelium, was also measured on the fluorescein angiography images. Two examiners (YSC and JHK) performed the measurements. The mean values of the measurements recorded by both examiners were used for further analysis.
All eyes included in the study were initially treated with three intravitreal ranibizumab injections (0.5 mg/ 0.05 ml) at intervals of one month. The patients were then scheduled to visit the hospital every 1-2 months at the discretion of the clinician. In some of the cases without the reactivation of PCV for a relatively longer period, the follow-up interval was extended to 3 months. Reactivation of the lesion was defined by the reaccumulation of the subretinal or intraretinal fluid on the OCT images. The fresh development of the retinal/ subretinal hemorrhage observed upon clinical examination was also considered as a reactivation.
Outcome measures
The incidence and timing of the first reactivation were recorded and the cumulative incidence of reactivation was estimated on the basis of the follow-up period. The patients who experienced PCV reactivation were included in the reactivation group, whereas those who did not experience the PCV reactivation were included in the noreactivation group. The baseline characteristics, including age and sex, intraretinal fluid, subretinal fluid, location of the polyps, greatest linear dimensions, largest polyp diameter, choroidal vascular hyperpermeability, ≥ 1 disc area size of the submacular hemorrhage (Figures 1a and  b) , presence of the grape-like polyp clusters (Figures 1c  and d) , central foveal thickness, and BCVA were compared between the reactivation and the noreactivation groups.
Statistics
The data were presented as the mean ± SD where applicable. The statistical analyses were performed using a commercially available software package (SPSS, ver. 12.0 for Windows; IBM Corporation, Armonk, NY, USA). The independent samples t-test or Mann-Whitney U-test were performed to compare the parametric values. The non-parametric values were compared using the chi-square test or the Fisher's exact test. The risk factors were analyzed by multiple Cox regression analysis. The P-values o0.05 were considered significant.
Results
During the study period, a total of 129 patients (129 eyes) were initially treated with three ranibizumab injections at monthly intervals. None of the patients diagnosed with PCV during the study period received photodynamic therapy as the first-line treatment. Of the 129 patients, dry macula a month after the third injection was noted in 106 patients. Of these patients, 16 failed to present for the follow-up examination during the subsequent 12 months, and were excluded from the study. Additional six patients were excluded from the study on the basis of the aforementioned exclusion criteria. Ultimately, 84 eyes of 84 patients (60 male and 24 female) were included in the study ( Table 1 ). The mean age of the patients was 67.6 ± 7.9 years. The mean size of the lesion was 14.1 ± 10.6 mm 2 . During the 12-month follow-up period, the reactivation of PCV was noted in 60 of the 84 patients (71.4%). The first reactivation was noted at a mean duration of 3.9 ± 1.7 months (range, 2-9 months) after the third ranibizumab injection, which was equivalent to the mean duration of 5.9 months after diagnosis.
Factors associated with reactivation during the 12-month follow-up period Table 2 summarizes the results of the comparisons of the baseline characteristics between the patients with reactivation (n = 60) and those without (n = 24). The mean value of the greatest linear dimension of the lesions of the reactivation group was 2.69 ± 1.09 mm, which was significantly greater than that in the no-reactivation group (2.16 ± 0.73 mm; P = 0.033). In the reactivation group, 11 patients (18.3%) presented submacular hemorrhages and 11 (18.3%) presented the grape-like polyp clusters during the follow-up. In the no-reactivation group, submacular hemorrhages were noted in 12 of the patients (50.0%) and the grape-like polyp clusters were noted in none. The proportion of the submacular hemorrhages was significantly lower (P = 0.003), and that of the grape-like polyp clusters significantly greater (P = 0.029) in the reactivation group than in the no-reactivation group. There were no significant differences between the two groups in terms of the mean age (P = 0.761), sex (P = 0.252), intraretinal fluid (P = 0.685), subretinal fluid (P = 0.683), location of the polyp (P = 0.084), largest polyp diameter (P = 0.125), proportion of choroidal vascular hyperpermeability (P = 0.094), mean central foveal thickness (P = 0.117), and mean BCVA measurements (P = 0.344). The results of Cox regression analysis revealed that the absence of submacular hemorrhages ≥ 1 disc area (P = 0.035), presence of grape-like polyp clusters (P = 0.009), and high values of greatest linear dimension of the lesions (P = 0.036) were associated with reactivation of the lesion.
Discussion
In the present study, three factors-absence submacular hemorrhage of ≥ 1 disc area, grape-like polyp clusters, and large greatest linear dimension of lesions-were found to be closely associated with a high risk of reactivation of the lesion within one year of treatment.
Submacular hemorrhage is one of the frequently observed features in patients with PCV. The results of the present study revealed the association of submacular hemorrhages with a low risk of reactivation of PCV after anti-VEGF therapy. We suggest the following mechanisms as being involved in this marked difference in reactivation rates between the patients with and without submacular hemorrhage. First, the hemorrhage may have originated from the rupture of a relatively large, active, vascular lesion, such as a major polyp. The rupture of a major vascular lesion might reduce the risk of reactivation. Second, changes in retinal tissues caused by the hemorrhage may have had an influence. It is well known that myopic CNV generally shows a good prognosis after a small number of anti-VEGF injections. Indeed, after CNV regression, reactivation is noted in only a limited proportion of patients. 16, 17 Conversely, in the majority of patients with neovascular AMD, CNV recurs several months after anti-VEGF injection. Campochiaro suggested that this disparity arises from extracellular matrix differences between the two disorders. 18 Specifically, the abnormal extracellular matrix of AMD may promote survival signaling, making the endothelial cells in new vessels less dependent upon VEGF for survival. 18 We postulate that the development of subretinal hemorrhage itself, as well as the inflammatory response that occurs during resolution of the hemorrhage, induces degeneration of the extracellular matrix, subsequent regression of CNV, and inhibition of the latter's reactivation. Spectral-domain OCT studies have shown that the branching vascular network is located in the space between the retinal pigment epithelium and Bruch's membrane. 19, 20 The hemorrhage may affect the extracellular matrix adjacent to the branching vascular network vessels. The compromised Bruch's membrane is an important factor in CNV development. Animal studies have demonstrated that increased VEGF levels in the outer retina, without concomitant Bruch's membrane disruption, are not sufficient to cause CNV. 21, 22 For this reason, we postulate that the hemorrhage, as well as the inflammatory process that occurs during resolution of the hemorrhage, alters the tissue composition adjacent to the compromised Bruch's membrane where CNV had developed. This altered tissue composition may induce a barrier effect between the sub-retinal pigment epithelial space and the choroid, thus impeding the neovascularization process. Lastly, decreased functioning of the damaged retinal tissue may also contribute to the low reactivation rate. Previous animal studies have shown that retinal outer layer tissue, including photoreceptors, have been damaged after experimental subretinal hemorrhage. 23, 24 This damage can lead to reduced tissue function that, in turn, leads to a decrease in nutrients and oxygen demand. We postulate that this decrease in nutrients and oxygen demand impedes the neovascular drive of PCV lesions and, subsequently, contributes partially to low reactivation rates in patients with hemorrhages. Figure 2 depicts all our hypotheses regarding how submacular hemorrhage influences PCV reactivation.
It has been reported that the grape-like polyp-clusters are associated with a poor treatment outcome in cases with PCV. 13, 25, 26 Moreover, the eyes manifesting this condition generally require frequent anti-VEGF injections. 26 Recently, Lee and Lee 26 reported the 2-year treatment outcome of the anti-VEGF therapy of patients with this condition; the mean number of injections required for the treatment of the condition during the 2-year follow-up period was 12.5 ± 2.8. Considering the number of injections was between 9 and 18 in that study, 26 it is unsurprising that PCV recurred in all patients. This was a markedly different result from those of Kuroda et al 12 and Kang et al 11 wherein PCV did not recur in 25.5% of patients during the 2-year follow-up period, and in 36% during the 3-year follow-up period, respectively. Lee and Lee 26 suggested that the grape-like polypoidal lesions have a potent neovascular drive and characteristics of typical CNV, thereby requiring more frequent injections than ordinary PCVs. In the present study, all of the 11 eyes with the grape-like polyp clusters developed the reactivation of PCV during the first year, suggesting the association of a high probability of reactivation with this condition.
Recently, Kuroda et al 12 suggested that the treat-andextend regimen may lead to the redundant administration of the injections to the patients who do not develop any reactivation after the initial three injections, despite not undergoing any treatment. Considering the close association of the absence of submacular hemorrhages, presence of grape-like polyp clusters, and large lesion size with the high risk of reactivation of PCV, we propose that patients exhibiting these characteristics might be good candidates for receiving proactive treatments such as those involving the treat-and-extend regimen. This study has certain limitations, including the retrospective nature of the study design. Furthermore, a strict monthly follow-up was not performed and variable follow-up intervals were set at the discretion of the clinician. Thus, the timing of reactivation could not be accurately estimated in some patients. All studied eyes were treated with ranibizumab; therefore, our results might not be valid in the cases of patients treated with other anti-VEGF agents. As ICGA was not routinely performed during the follow-up period, the influence of the post-treatment ICGA findings, such as the regression of the polyps, on the reactivation of PCV could not be evaluated. Reactivation was evaluated on the basis of the cross-hair OCT findings. Therefore, fluid re-accumulation outside the OCT scanning region might not have been accurately detected, particularly in peripapillary PCV cases. For this reason, our results need confirmation in further studies using raster scans covering entire macular area.
In summary, we evaluated the factors influencing the first reactivation of PCVs that were initially treated with three ranibizumab injections. During the first 12 months post diagnosis, the reactivation of PCV was observed in 71.4% of the patients. Three baseline characteristicsabsence of submacular hemorrhages, presence of grapelike polyp clusters, and large lesion size-were correlated with a high risk of PCV reactivation. Frequent follow-ups may be necessary in patients who present high-risk characteristics. Further studies investigating whether patients with the high risk characteristics can be more effectively managed with the treat-and-extend regimens than with the as-needed regimens, would be of value.
Summary
What was known before K Largest polyp diameter, old age, and male sex have been known to be associated with a high-risk of reactivation in polypoidal choroidal vasculopathy.
What this study adds K The absence of submacular hemorrhages and the presence of grape-like polyp clusters were correlated with a high risk of reactivation in polypoidal choroidal vasculopathy.
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The authors declare no conflict of interest. . This degenerative change leads to decreased secretion of neovascularizationinducing agents, such as VEGF. Inflammatory processes that occur during the resolution of the sub-retinal pigment epithelial hemorrhage induce sub-retinal pigment epithelial tissue changes, including changes in extracellular matrix. These in turn cause regression and consolidation of the sub-retinal pigment epithelial neovascular lesion (double arrowheads). The same changes also alter the microstructure of the tissues adjacent to the disrupted Bruch's membrane (arrow, black thin dotted line), inducing a barrier effect between the sub-retinal pigment epithelial space and choroid. All these processes impede progression and reactivation of the neovascular lesion, even though a small polypoidal lesion (asterisk) remains. PRL: photoreceptor layer, RPE: retinal pigment epithelium.
